Glucose transporter GLUT4 protein, codified by Slc2a4 gene plays a key role in glycemic homeostasis. Insulin resistance, as in obesity, has been associated to inflammatory state, in which decreased GLUT4 is a feature. Inflammatory NF-jB transcriptional factor has been proposed as a repressor of Slc2a4; although, the binding site(s) in Slc2a4 promoter and the direct repressor effect have never been reported yet. A motif-based sequence analysis of mouse Slc2a4 promoter revealed two putative jB sites located inside À83/À62 and À134/À113 bp. Eletrophoretic mobility assay showed that p50 and p65 NF-jB subunits bind to both putative jB sites. Chromatin immunoprecipitation assay using genomic DNA from adipocytes confirmed p50-and p65-binding to Slc2a4 promoter. Moreover, transfection experiments revealed that NF-jB binds to the À134/À113 bp region of the mouse Slc2a4 gene promoter, inhibiting the Slc2a4 gene transcription. The current findings demonstrate the existence of two jB sites in Slc2a4 gene promote, and that NF-jB has a direct repressor effect upon the Slc2a4 gene, providing an important link between insulin resistance and inflammation.
Introduction
Insulin increases glucose uptake in adipose tissue, heart and skeletal muscle by largely stimulating translocation of intracellular stored glucose transporter protein GLUT4 to cell surface (Kahn, 1996) . Because of that, GLUT4 plays a pivotal role in whole body net glucose utilization, and its expression must be finely regulated.
In animal models of obesity and insulin resistance, the expression of Slc2a4 gene, which encodes GLUT4 protein, is markedly reduced in skeletal muscle and adipose tissue (Papa et al., 1997; Furuya et al., 2010) . Furthermore, those animals present systemic inflammation and a high infiltration of macrophages in adipose tissue, which leads to an increased activation of nuclear factor (NF)-jB pathway Furuya et al., 2010. NF-jB family is composed by RelA (p65), NF-jB1 (p50/p105), NF-jB2 (p52/p100), c-Rel and RelB in mammalian cells. With the exception of RelB, all vertebrate NF-jB proteins are in homo-or heterodimers. Inactive NF-jB proteins reside in the cytoplasm linked to an inhibitory protein (IjB). Phosphorylation of inhibitor of NF-jB (IjB) by IjB kinase (IKK) complex results in IjB dissociation, releasing NF-jB to translocate freely to the nucleus, where they bind to a $10 bp DNA site (jB site) and regulate transcription of target genes.
In obesity, many factors such as proinflammatory cytokines tumor nuclear factor-a (TNF-a) and interleukin-1b, reactive oxygen species, advanced glycation end products, toll-like receptor ligands and protein kinase C activation (Kretz-Remy et al., 1996; Lin, 2006) can culminate in increased NF-jB activation. Several studies suggest that NF-jB represses the Slc2a4 gene expression (Furuya et al., 2010; Ruan et al., 2002; Silva et al., 2005) , especially as a mediator of the TNF-a repressor effect upon Slc2a4 transcription (Furuya et al., 2010; Stephens and Pekala, 1991) . However, the consensus domain of jB site is not found in the Slc2a4 promoter, and other specific jB sites have never been described before. Therefore, the present study attempted to identify putative jB sites in the mouse and rat Slc2a4 promoter, and to confirm a direct repressor effect of NF-jB upon Slc2a4 expression.
Materials and methods

Animals
CD1 mice were housed under a 12:12 h light-dark cycle (lights on at 06:00 h) and allowed access to standard rodent chow and 0303-7207 Ó 2013 Elsevier Ireland Ltd. http://dx.doi.org/10.1016/j.mce.2013.01.019
Abbreviations: ChIP, chromatin immunoprecipitation; EMSA, eletrophoretic mobility shift assay; GLUT, glucose transporter; IjB, inhibitor of nuclear factor-jB; IKK, IjB kinase; NF, nuclear factor; Slc, solute carrier; TNF, tumor nuclear factor; WAT, white adipose tissue.
water ad libitum. Epididymal white adipose tissue (WAT) was sampled from 23-week-old mice. All procedures were performed in anesthetized animals (50 mg/kg body weight sodium pentobarbital i.p.) and were approved by the Ethical Committee for Animal Research of the Institute of Biomedical Sciences, University of São Paulo (# 123/2005).
3T3-L1 cell culture
Mouse 3T3-L1 fibroblasts were obtained from ATCC (American Type Culture Collection, Rio de Janeiro Cell Bank, Rio de Janeiro, RJ, Brazil). Cells were propagated and differentiated according to the protocol described by Chamberlain (2001) with modifications. In brief, cells were cultured and maintained in growth medium containing DMEM (Vitrocell Embriolife, Campinas, Brazil), 10% FBS (Vitrocell Embriolife) and penicillin/streptomycin (100 units/ml each, Sigma-Aldrich, St. Louis, EUA), at 37°C in humidified 5% CO 2 atmosphere. To obtain mature adipocytes, two days postconfluence (day 2) the medium was supplemented with 10 lg/ml insulin, 1 lmol/l dexamethasone and 0.5 mmol/l 3-isobutyl-1-methylxanthine (Sigma-Aldrich). On day 4 and 6, the medium was replaced with medium supplemented with 5 lg/ml insulin, 1 lmol/l dexamethasone and 0.5 mmol/l 3-isobutyl-1-methylxanthine. On day 8, cells were switched back to growth medium up to day 10, and used for experiments. For induction of NF-kB binding to Slc2a4 5 0 region, cells were treated with 40 ng/ml of tumor necrosis factor-a (TNF-a) for 1 h.
L6 cell culture
Rat L6 myoblasts were obtained from ATCC (Rio de Janeiro Cell Bank, Rio de Janeiro, RJ, Brazil) and grown as described before (Armoni et al., 2005) . Briefly, L6 cells were grown in an atmosphere of 95% air, 5% CO 2 in high glucose DMEM supplemented with 10% FBS and penicillin/streptomycin (100 U/ml each). After confluence, cells were maintained in differentiation medium (high glucose DMEM plus 2% FBS) for 7 days, and used for experiments.
Eletrophoretic mobility shift assay (EMSA)
Extraction of nuclear proteins from adipose tissue, 3T3-L1 and L6 cells was performed as previously reported (Silva et al., 2005; Andrews and Faller, 1991) , and the obtained nuclear extract was stored at À80°C. Briefly, two double-stranded oligonucleotides, containing potential jB sites in the Slc2a4 promoter region (Slc2a4-NF-jB (À83) and Slc2a4-NF-jB (À134), were end-labeled with T4 polynucleotide kinase (Invitrogen Life Technologies, Carlsbad, CA, USA) and [c-32P] Fig. 1 . For identity analysis assays, 2 lg of antip65 (Chemicon, Tamecula, CA, USA) or anti-p50 antibody (Santa Cruz Biotechnology Inc., Santa Cruz, CA, USA) were incubated during 30 min, at room temperature, before or after the addition of labeled nucleotides. The DNA-protein complexes were electrophoresed on 4% non-denaturing polyacrylamide gel, in 45 mmol/l Tris, 45 mmol/l borate and 1 mmol/l EDTA buffer, at 4°C. The gel was dried and subjected to autoradiography and the blots were analyzed by scanner densitometry (ImageScanner III, GE Healthcare, Uppsala, Sweden). Results were expressed as arbitrary units.
Chromatin immunoprecipitation (ChIP) assay
3T3-L1 samples were processed using EZ ChIP Chromatin Immunoprecipitation Kit (Upstate, Lake Placid, NY, USA) according to manufacturer instructions. Briefly, after formaldehyde treatment, the fixed cells were transferred to lysis buffer, and DNA shearing was performed by sonication, to obtain fragments of 200-1000 bp. Samples were diluted in dilution buffer and precleared for 1 h, at 4°C with protein G-agarose (50% slurry) (GE Healthcare, Buckinghamshire, England), saturated with salmon sperm DNA. An aliquot was collected as ''input''. The remaining supernatants were subjected to immunoprecipitation with protein G-agarose saturated with salmon sperm DNA and anti-p50 or p65 NF-jB antibody (Santa Cruz Biotechnology). In parallel, one sample was incubated with either normal rabbit IgG (Upstate) or with protein G-agarose (no-AB) only in order to generate the negative controls. Agarose pellets were washed and treated with elution buffer. Supernatants were submitted to crosslinking reversal and RNase A treatment. DNA was purified with phenol-chloroform and resuspended in ddH2O. DNA samples were amplified for detection of Slc2a4 promoter. Primers spanning the mouse Slc2a4 5 0 region from À151 to +73 were 5 0 -TTCCGTGGGTTGTGGCAGTG-3 0 and 5 0 -ACCAGTGTTCCAGTCACTCGCTG-3 0 . The products were amplified by real time PCR using 3.0 mmol/l MgCl2 and 2 ll of template DNA, at 55°C of annealing temperature. The input values from each sample were used as inner control and the 2(-Delta Delta C(T)) formula was used to calculate relative binding of NF-jB p50 or p65 to the Slc2a4 promoter.
Promoter luciferase construction
The segments of the mouse Slc2a4 gene promoter were obtained by PCR amplification with the primers depicted in Table 1 . These reactions resulted in the following segments: À245/+62, À120/+62 and À70/+62. Restriction sites were added at the 5 0 end of the primers for directional cloning in the pGL3-basic vector (Promega, Madison, USA). The sequence of all constructs was verified by automated DNA sequencing. Plasmids were purified in maxi-prep spin columns (Wizard Ò DNA Purification System -Promega), quantified by Qubit fluorometer (Invitrogen) and by agarose gel electrophoresis. In agarose gels, the DNA bands were compared to a high mass ladder (Invitrogen), and quantified with a scanner densitometry.
Transfection and luciferase report gene assay
Cells were transiently co-transfected (90-95% confluence) with 400 ng of pGL-3 basic vector containing chimerical mouse Slc2a4 promoter gene constructs or pGL-3 basic (promoterless), and 4 ng of the internal control pRL-CMV vector (Promega), which contains Renilla luciferase downstream of the CMV promoter, using Lipofect-AMINE 2000 (Invitrogen), according to the manufacturer's protocol. The transfection medium was left for 4 h, and after the cells were kept in DMEM containing 10% FBS for 20 h. Thus, the cells were treated with differentiation medium for six days, and the luciferase activity was determined using dual luciferase method (Promega). Results were standardized for renilla luciferase activity.
Statistical analysis
All data are expressed as means ± SEM. Statistical analysis was one-way analysis of variance (ANOVA), with StudentNewman-Keuls as a post hoc test.
Results
The 5 0 -flanking region of the mouse and rat Slc2a4 gene contains two putative jB sites. A motif-based sequence analysis of the mouse 5 0 -flanking sequence of the Slc2a4 gene (Ezaki, 1997) revealed two putative jB sites located inside the regions À83/À62 bp and À134/ À113 bp. This base motif is highly homologous to the sequences of jB consensus binding sites described in the literature. Fig. 1 shows the sequences of three jB consensus sites found in the literature, two putative jB sites in the mouse Slc2a4 gene promoter, Slc2a4-NF-jB (À83) and Slc2a4-NF-jB (À134), and the respective mutated oligonucleotides used in the competition assays, Slc2a4-NF-jB (À83) mt and Slc2a4-NF-jB (À134) mt.
To examine NF-jB binding to the Slc2a4 promoter, EMSA was performed with the Slc2a4-NF-jB (À83) and Slc2a4-NF-jB (À134) radiolabeled oligonucleotides, containing the putative jB sites plus 5 or 6 bp at the 5 0 -end, and 7 or 6 bp at the 3 0 -end, respectively. Slc2a4-NF-jB (À83) and Slc2a4-NF-jB (À134) formed three complexes with nuclear proteins of adipose tissue ( Fig. 2A , lanes 2 and 6, respectively) or 3T3-L1 adipocytes (Fig. 3A , lanes 2 and 6, respectively) named complexes A, B and C. Complex A seems to be subdivided in complex A1 and A2. The oligonucleotide binding specificity was checked by competition with unlabeled specific Slc2a4-NF-jB (À83) and specific Slc2a4-NF-jB (À134), or unlabeled mutated Slc2a4-NF-jB (À83) and mutated Slc2a4-NFjB (À134) oligonucleotides. Using nuclear extracts from adipose tissue ( Fig. 2A) or 3T3-L1 adipocytes (Fig. 3A) , the addition of 50-fold excess amount of the unlabeled specific competitor completely abolished the formation of the three complexes ( Figs In order to determine the participation of NF-jB subunits in the distinct complexes, antibodies for p50 and p65 NF-jB subunits were utilized. In general, all formed DNA complexes from adipose tissue (Fig. 2B ) and 3T3-L1 (Fig. 3B ) contain p50 and p65 NF-jB subunits. In WAT, the addition of p50 or p65 antibody before the labeled oligonucleotide clearly decreased the intensity of all bands (Fig. 2B, lanes 2, 5, 8 and 11 ). However, when the antibody was added before the probe, only anti-p65 antibody was able to inhibit the formation of the complexes with the oligonucleotide Slc2a4-NF-jB (À83) (Fig. 2B, lane 6) . In 3T1-L1 (Fig. 3B ), p50 and p65 participation in the complexes was quite similar, but not identical to that observed in adipose tissue. The formation of A1 and A2 complexes reduced when anti-p65 or anti-p50 was added before the addition of the labeled oligonucleotide (Fig. 3B, lanes 3, 5, 8 and  10 ), but not after the addition of the labeled probes (Fig. 3B, lanes  2, 4, 7 and 9) . Additionally, the formation of complex B with the labeled probe Slc2a4-NF-jB (À134) also reduced with the addition of anti-p65 (Fig. 3B, lane 8) and anti-p50 (Fig. 3B, lane 10) before the addition of the probe. Curiously, the formation of complex C with the labeled Slc2a4-NF-jB (À134) oligonucleotide seems to be reduced when both antibodies were added after the labeled probe Table 1 Nucleotide sequences of forward and reverse primers used to obtain segments of the 5 0 -flanking sequence of the mouse Slc2a4 gene. In bold, sites for restriction enzymes.
AGCAGGTACCCCTATGGCGGGGCGGGAGT AGCAAAGCTTGTCTGGTGGGACTC ACTGCCACAAC (Fig. 3B, lanes 7 and 9) ; additionally, a similar observation was made with the Slc2a4-NF-jB (À83) probe, despite the weak signal obtained (Fig. 3B, lanes 2 and 4) . In order to confirm whether the NF-jB binding to Slc2a4 promoter occurs into endogenous DNA we next performed ChIP assay with anti-p50 and anti-p65 NF-jB antibodies in 3T3-L1 cells (Fig. 4A) . For this experiment, the fragment of DNA, containing the two putative NF-kB binding sites located at À134/À113 bp and À83/À62 bp, was amplified from the immunoprecipitated DNA. Fig. 4A shows that p50 NF-jB binding to Slc2a4 promoter in adipocytes is 6-to 9-fold higher than the unspecific binding controls (no-Ab or IgG treated samples). In addition, we found that p65 Fig. 2 . Nuclear proteins of mouse white adipose tissue (WAT) interact with the putative NF-jB sites of the mouse Slc2a4 promoter. EMSA was performed as described in Section 2. In (A), nuclear extracts of WAT were incubated with the following radiolabeled probes: Slc2a4-NF-jB (À83), in lanes 2-4, and Slc2a4-NF-jB (À134), in lanes 6-8, in the absence (-) (lanes 2 and 6), or presence of 50-fold excess amount of non-labeled competitors: Slc2a4-NF-jB (À83) in lane 3, Slc2a4-NF-jB (À83) mt in lane 4, Slc2a4-NFjB (À134) in lane 7, and Slc2a4-NF-jB (À134) mt in lane 8. In (B), nuclear extracts of WAT were incubated with the following radiolabeled probes: Slc2a4-NF-jB (À83), in lanes 1 to 6, and Slc2a4-NF-jB (À134), in lanes 7 to 12, in the absence (-) (lanes 1, 4, 7 and 10), or presence of the antibodies NF-jB p50 (lanes 2, 3, 8 and 9) or NF-jB p65 (lanes 5, 6, 11 and 12).
NF-kB binding to Slc2a4 promoter in 3T3 cells is 4-to 7-fold higher than the unspecific binding controls.
Examining whether the system was controlled by TNF-a, we stimulated the cells for 1 h with this cytokine, and then nuclear proteins were extracted for EMSA. NF-kB binding activity, as analyzed by the complexes A and B (Fig. 4B) , increased significantly by $20% (p < 0.05) in response to this short stimulation with TNF-a (Fig. 4C) .
Competitor
Slc2a4-NF-κ κB (-83)
Slc2a4-NF-κB ( (A) (B) Fig. 3 . Nuclear proteins of 3T3-L1 adipocytes interact with the putative NF-jB sites of the mouse Slc2a4 promoter. EMSA was performed as described in Section 2. In (A), nuclear extracts of adipocytes were incubated with the following radiolabeled probes: Slc2a4-NF-jB (À83), in lanes 2-4, and Slc2a4-NF-jB (À134), in lanes 6-8, in the absence (-) (lane 2 and 6), or presence of 50-fold excess amount of non-labeled competitors: Slc2a4-NF-jB (À83) in lane 3, Slc2a4-NF-jB (À83) mt in lane 4, Slc2a4-NF-jB (À134) in lane 7, and Slc2a4-NF-jB (À134) mt in lane 8. In (B), nuclear extracts of adipocytes were incubated with the following radiolabeled probes: Slc2a4-NF-jB (À83), in lanes 1-5, and Slc2a4-NF-jB (À134), in lanes 6-10, in the absence (-) in lanes 1 and 6, or presence of the antibodies NF-jB p65 (lanes 2, 3, 7 and 8) or NF-jB p50 (lanes 4, 5, 9 and 10).
Considering that the promoter region of rat Slc2a4 gene also contains two sequences highly homologous to the mouse domains investigated here, both located $30 bp upstream of their respective location in mouse gene (Fig. 5A ), both oligonucleotides were tested in nuclear extracts of rat L6 muscle cells. Bands related to complexes A and B were also clearly observed and completely disappeared with the addition of unlabeled specific oligonucleotides (Fig. 5B, lanes 2, 3, 9 and 10) . Interestingly, all bands drastically reduced with the addition of both anti-p50 or anti-p65 NF-jB antibodies before the labeled oligonucletides (Fig. 5B, lanes 5, 7, 12 and 14).
Functional activity of the Slc2a4 promoter jB-binding sites. To verify the function of the jB sites found in the promoter of the Slc2a4 gene, recombinant plasmids containing different segments of the mouse 5 0 -flanking sequence of the Slc2a4 gene were transiently transfected into 3T3-L1 adipocytes (Fig. 6A ) and L6 muscle cells (Fig. 6B) . The relative promoter activity of these segments was evaluated in relation to the promoterless vector (basic). Similar results were found for both cell lines. The segment spanning À120/ +62 induced higher luciferase activity than the À245/+62 region, suggesting the presence of an inhibitory element between À245 bp and À120 bp. Additionally, by removing an additional 50 bp from the 5 0 -end, the relative activity of the À70/+62 segment drastically decreased to the same level of the promoterless construct, which strongly suggests that the region between À120 bp and À70 bp is fundamental for transcription initiation.
Discussion
In the present study, we show for the first time evidences that the inflammatory transcriptional factor NF-jB can bind into the Slc2a4 gene promoter, inhibiting the transcription of the Slc2a4 gene.
Obesity is an insulin resistant state in which GLUT4 reduction occurs in both adipose tissue and skeletal muscle (Papa et al., 1997; Furuya et al., 2010) . Besides, obesity has been associated to a chronic inflammatory state in humans (Cancello et al., 2005) and mice (Furuya et al., 2010) , and NF-jB activity is supposed to be enhanced in this condition. Indeed, enhanced IKK phosphorylation in the adipose tissue of obese mice has been reported (Furuya et al., 2010 ), reinforcing the expected high level of NF-jB activity.
NF-jB proteins have been described to bind to a 10-11 base pair DNA sites, which show a great variability, and none of them are present in the Slc2a4 gene promoter. The findings presented here point out the specific NF-jB binding to putative jB sites of the mouse Slc2a4 promoter. EMSA assays showed that both oligonucleotides formed 3 protein/DNA complexes of different molecular weight (mobility) in adipose tissue, 3T3-L1 and L6 cells. The addition of specific antibodies revealed that all complexes contain p50 and p65 NF-jB subunits. However, the involvement of others subunits such as p52, cRel and RelB are also plausible.
In adipose tissue the characteristics of NF-jB binding to both oligonucleotides were similar. Since the addition of anti-p50 and Fig. 4 . p50 and p65 NF-jB subunits bind to the mice Slc2a4 promoter, and tumor necrosis factor-a (TNF-a) increases the NF-jB binding. (A). 3T3-L1 cells were processed for ChIP assay as described in Section 2. The relative binding of p50 and p65 subunits into the Slc2a4 promoter was quantified in relation to the total DNA (input), and compared to the unspecific binding of samples without antibody (no-Ab) or treated with rabbit IgG (IgG). Data are as means ± SEM for three independent experiments performed in duplicate.
ÃÃÃ P < 0.001 vs. no-AB and IgG, # P < 0.05 vs. p50 (n = 3), one-way ANOVA. B. EMSA for Slc2a4-NF-jB (À83) and Slc2a4-NF-jB (À134) binding sites was performed in 3T3-L1 adipocytes before (C) and 1 h after of tumor necrosis factor-a (TNF-a) stimulation (T). C. Quantification of nuclear protein/DNA complexes (bands A + B). fP < 0.05 vs. C (n = 5) one-way ANOVA.
anti-p65 antibodies after the probe was not enough to displace the protein/DNA binding, at least in the concentration used, we can suppose the previous protein/DNA binding induces conformational changes in the protein impairing further antibody binding into the protein. Yet, the data can suggest the binding sites for anti-p50 and anti-p65 antibodies in their respective proteins are close to the DNA binding site. This result is different from EMSA analysis for other transcriptional factors, in which the antibody is able to bind into the protein/DNA binding complex, increasing its molecular weight, and, thus, determining the classic supershifted band (Liu et al., 2004) . However, the presence of a specific protein in the protein/DNA complex has been detected by reduction of the binding activity, as described here, and band weakening/disappearance of NF-jB/DNA binding was reported in synovial cells (Juarranz et al., 2005) and NIH 3T3 fibroblasts (Balasubramanian et al., 2011) .
Results of NF-jB binding to the Slc2a4 gene in 3T3-L1 adipose cells were quite similar to those observed in whole tissue, except for the observed in complex C, which seems to be formed in a balanced way with complex A: the decrease of one complex is accompanied by the increase of the other. That might be explained by the shift of proteins from one complex to another, and or changes in the Kd's for each interaction. Meticulous analysis must be conducted to explain this data.
Protein/DNA binding activity measured by EMSA is an in vitro reaction occurring in a purified biological system containing only nuclear proteins and one specific DNA-binding site. Because of that, the ChIP assay has been currently employed to validate the binding activity in a system containing whole genomic DNA stemming from a dynamic system (Freitas et al., 2009; Lima et al., 2009 ). Here we also confirmed the binding of NF-jB subunits p50 and p65 into the Slc2a4 promoter, using DNA from mouse 3T3-L1 adipocyte. Furthermore, we also demonstrated that the NF-jB binding activity was rapidly increased in response to TNF-a, as it has been described (Balasubramanian et al., 2011) .
Nonspecific oligonucleotide, containing a consensus jB domain, was previously used to suggest the NF-jB binding activity into the Slc2a4 promoter (Silva et al., 2005) . However, it is important to notice that, in this study, the oligonucleotide sequences used for identification of the jB sites are specific for mouse Slc2a4 gene promoter. Furthermore, the oligonucleotides encompass their (A) (B) Fig. 5 . Nuclear proteins of rat L6 muscle cells interact with mouse Slc2a4-NF-jB (À83) and Slc2a4-NF-jB (À134) oligonucleotides. In (A), Comparison between the mouse Slc2a4-NF-jB (À83) and (À134) segments and the homologous correspondent segments in the rat Slc2a4 gene promoter. The NF-jB consensus binding domain is detached within a dot-lined box. In (B), EMSA was performed as described in Section 2. Nuclear extracts of L6 cells were incubated with the following radiolabeled probes: Slc2a4-NF-jB (À83), in lanes 1-7, and Slc2a4-NF-jB (À134), in lanes 8-14, in the absence (-) (lane 1, 4, 6, 8, 11 and 13) , or presence of the non-labeled competitors Slc2a4-NF-jB (À83) in lanes 2 (50-fold) and 3 (100-fold), or Slc2a4-NF-jB (À134) in lanes 9 (50-fold) and 10 (100-fold), or presence of the antibodies NF-jB p50 (lanes 5 and 12) or NF-jB p65 (lanes 7 and 14).
respective 5-7 bp of 5 0 -and 3 0 -end flanking sequences. Considering that consensus jB sites have no more than 80% homology with the Slc2a4 jB sites, and that the flanking sequences of the jB site influence the binding affinity of NF-jB molecular complex (Urban and Baeuerle, 1991) , it is fundamental to use the specific oligonucleotide sequences, to rightly demonstrate the binding activity into the target gene. Commercially available oligonucleotides, containing consensus jB sequences, flanked by sequences of unknown origin, are obviously enough to bind NF-jB subunits; however, this binding cannot be attributed specifically to a target gene. Since the mouse Slc2a4-NF-jB oligonucleotides presented a very high homology with the rat sequence, we tested the binding of these Slc2a4-NF-jB oligonucleotides into nuclear proteins of rat muscle cells. Interestingly, the obtained results were very similar to those observed in mouse adipose tissue or cell, indicating that these sequences can be used to detect Slc2a4/NF-jB binding activity also in rat tissues.
Finally, transfection studies in 3T3-L1 adipocytes and L6 muscle cells clearly showed that the exclusion of the region that contain the most distal jB site located inside the region À134/À113 bp of the mouse Slc2a4 5 0 -flanking sequence increased the luciferase activity, revealing that the transcriptional factor NF-jB exerts an inhibitor effect on the Slc2a4 gene transcription. On the other hand, the exclusion of the other putative jB site located inside the region À83/À62 bp of the mouse Slc2a4 promoter could not demonstrate its effective function, since the excluded region resulted in absence of transcription, which suggests that this region is involved in the transcription initiation of the Slc2a4 gene. However, this finding should not discard the fact that NF-jB bind into the À83/À62 bp region, as observed in EMSA analysis, can contribute for further inhibition of the Slc2a4 gene transcription.
Twenty years ago it has been found that TNF-a suppresses the expression of GLUT4 (Stephens and Pekala, 1991) , which was further reported to be an insulin-independent mechanism (Stephens et al., 1997) . Thus, considering that the inflammatory transcriptional factor NF-jB is the key mediator of TNF-a induced effects, it has been suggested that NF-jB activation may be involved in the downregulation of the Slc2a4 gene (Ruan et al., 2002; Silva et al., 2005) . Now, after the demonstration of the specific and functional NF-jB binding site in the Slc2a4 promoter region, this study finally proves that the Slc2a4 gene transcription is directly downregulated by NF-jB.
In summary, the current findings demonstrated the existence of a functional jB site, located inside the À134/À113 bp region of the mouse Slc2a4 gene promoter, and a strong candidate for jB site located inside the À83/À62 bp region of the mouse Slc2a4 gene promoter, pointing out that the expression of Slc2a4/GLUT4 can be directly repressed by the family of the transcriptional factor NF-jB, and providing an important link between insulin resistance and inflammation.
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